Numerical evaluation of the functional boundaries of digital backward propagation algorithm for mitigating non-linear impairments in phase encoded transmission  by Rameez Asif, M. et al.
 LANE 2010 
Numerical Evaluation of the Functional Boundaries of Digital 
Backward Propagation Algorithm for Mitigating Non-linear 
Impairments in Phase Encoded Transmission  
M. Rameez Asifa,b,*, C.-Y. Lina,b, M. Holtmannspoettera,b, B. Schmaussa,b 
aUniversity of Erlangen-Nuremberg, Chair for High Frequency Technology, Cauerstrasse 9, D-91058 Erlangen, Germany  
bErlangen Graduate School in Advanced Optical Technologies (SAOT), Paul-Gordan-Strasse 6, D-91052 Erlangen, Germany 
 
Abstract 
We numerically evaluate the robustness of digital backward propagation (DBP) algorithm for the mitigation of fiber 
transmission impairments in phase encoded transmission. We have investigated DBP algorithm by varying physical 
parameters of transmission i.e. bit rates, modulation formats, fiber transmission length and fiber spans of unequal 
length. The system performance is evaluated by Q-factor. Through the imperative evaluation of the effective 
transmission impairments mitigation at different instants, we identify functional limits of DBP algorithm. These 
methodological studies could be used in next generation optical networks to formulate flexibility in the algorithm to 
adopt and identify changes in the physical network paths. 
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1. State of the art 
Optical fiber transmission is impacted collectively by linear and non-linear impairments. Especially in advanced 
modulation formats, such as DPSK and DQPSK, the influence of transmission impairments i.e. dispersion and non-
linearities is of high interest. The accumulation of dispersion and non-linearities has to be compensated to increase 
the overall information and transmission efficiency. 
Various methods of compensating non-linearities have also been proposed in recent era both in optical [1-3] and 
electronic domain [4,5]. The implementations of all-optical methods are somehow practically demanding and needs 
much more accuracy and precision. On the other hand with the development of proficient real time finite impulse 
response (FIR) filters and coherent receivers electronic compensation techniques get much more attention. After 
coherent detection the signals can be sampled and processed by digital signal processors to compensate channel 
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impairments. In view of the fact that signals propagation is ultimately governed by a non-linear Schrödinger 
equation (NLSE), by solving the NLSE we can estimate the optical signal amplitude and phase at each point of the 
fiber. This influential evaluation leads towards the study of non-linear compensation algorithm based on the inverse 
solution of NLSE which is termed as digital backward propagation (DBP). 
Backward propagation, as one of the most vital technique for distributed compensation in electronic 
compensation regime was first studied in 2006 [6] and its receiver side implementation was investigated with 
advance numerical methods like split-step Fourier method (SSFM) and coherent detection [7-9] in recent years.  
However, until date DBP algorithm is used as a comparatively static approach with fixed physical parameters of 
transmission and fiber spans of equal lengths. This scenario is quite demanding for next generation optical 
communication systems, since the network paths are non-static and channel degrading effects can change the overall 
optimum performance of system. Due to the instantaneous change in the transmission parameters the performance of 
the DBP algorithm may change and can effect the mitigation of fiber transmission impairments. Therefore the DBP 
algorithm should be adaptive and flexible to the aforementioned alterations. This motivation leads us to determine 
the degrading factors and the functional boundaries of DBP algorithm with change in physical network parameters 
i.e. to determine the limits in which DBP algorithm remains effective. 
2. Simulation setup  
Figure 1, illustrates the simulation setup of RZ-DQPSK communication system used for the numerical evaluation 
of digital backward propagation algorithm for mitigation of transmission impairments. A laser source of 1550nm is 
used to operate the optical DQPSK transmitter at a bit rate of 40Gbit/s. The RZ-DQPSK data consists of 210-1 
pseudo-random binary sequence (PBRS) and pulses of 66% duty cycle. The total transmission distance is 2400km 
with 30 spans of 80km standard single mode fiber (SSMF). The system performance is estimated by Q-factor. Each 
span of SSMF is simulated with physical parameters of attenuation ( ) of +0.2dB/km, dispersion ( ) of 
+16ps/(nm.km) and non-linear coefficient (
α D
γ ) of +1.4W-1km-1. 
 
 
 
 
 
 
Fig. 1. Simulation model of RZ-DQPSK communication system.  
Post-compensation dispersion mapping is used to compensate the overall chromatic dispersion. A 16 km 
dispersion compensating fiber (DCF) is integrated with physical parameters of attenuation ( ) of +0.5dB/km, 
dispersion ( ) of -80ps/(nm.km) and non-linear coefficient (
α
D γ ) of +4.0W-1km-1. An erbium doped fiber amplifier 
(EDFA) is used inline with the transmission fibers (SSMF+DCF) with +24dB gain to compensate the power loss 
through them. Digital signal processing (DSP) module with DBP algorithm is incorporated at the receiver as an 
offline unit for effective transmission impairments mitigation. The algorithm is based on symmetric split-step 
Fourier method (S-SSFM) [7], to solve inverse non-linear Schrödinger equation (NLSE) for per fiber span DBP to 
compensate impairments. In order that our DBP module, which solves the fiber parameters numerically, has the 
identical uncompensated dispersion and non-linearities as the actual transmission link we use the same parameters 
of and , Dα γ for backward propagation but with inverse notation. Propagation in SSMF and DCF are solved 
separately by the DBP algorithm. 10 calculation steps per fiber span are used for solving SSFM for the results 
presented here. 
3.  Results and discussion  
The transmission setup is operated at launch powers form 2dBm to 9dBm and the optical signal is monitored at 
receiver. We have evaluated and compared the performance of DQPSK transmission at 40Gbit/s for transmission 
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length 2400km (LSSMF) without impairments mitigation i.e. forward propagation (FP) and with DSP module for 
mitigating impairments i.e. digital backward propagation (DBP). If we take 3.5dB of Q-factor as reference, by using 
DBP in a 40Gbit/s RZ-DQPSK system, we are able to increase signal launch power by 3dBm to obtain the same Q-
factor (see red and green lines in Fig 2(a)). The increase of launch power enables one to increase the total 
transmission distance.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Optical signal quality of 40Gbit/s RZ-DQPSK and RZ-DPSK transmission over length,  LSSMF= 30x80km (2400km): (a) 
after forward propagation (FP) and by using digital backward propagation (DBP) on transmission length ‘LSSMF’; (b) eye 
diagrams, FP (upper) and DBP (lower), of received DQPSK signal at 6dBm launch power after 2400km transmission 
The eye diagram comparison of the received DQPSK signal for FP and DBP is also given, in figure 2(b), at 
6dBm launch power after 2400km (LSSMF). In figure, clearly the upper and lower rails of the eye diagram are 
narrower, indicating efficient transmission impairments mitigation by using DBP. We also use the same simulation 
setup for investigating 40Gbit/s RZ-DPSK modulation for transmission impairments mitigation by DBP. The results 
of FP and DBP in case of RZ-DPSK are also demonstrated in figure 2(a). From the results we observe that the DBP 
algorithm shows efficient tolerance towards change in bit rates and modulation formats. All the above results are 
attained by using fiber spans of equal length with post-compensation dispersion mapping as in figure 3(a). 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Transmission links with length LSSMF = 2400km used in the numerical investigations of DBP algorithm: (a) post-
compensated fiber spans of equal length; (b) and (c) post-compensated fiber spans of unequal length
For evaluating the functionality of DBP algorithm with change the physical parameters of transmission, as an 
initial step the received signal is monitored with change in the transmission length ‘ ’ and by keeping the DBP 
algorithm at constant length ‘LSSMF’. The 40Gbit/s RZ-DQPSK transmission setup is operated at launch powers form 
2dBm to 9dBm with increased transmission length i.e. Δ = LSSMF+spansSSMF by adding spans to the transmission 
link. After the signal is received and processed by DBP algorithm, we notice a significant decrease in transmission 
impairments mitigation and detoreated performance as in figure 4(a). This is due to the fact that by increasing the 
LΔ
L
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transmission length the accumulation of dispersion and non-linearities are more then they are actually compensated 
by the DBP algorithm, which we term as under digital backward propagation (U-DBP). The entire numerical 
evaluation is repeated again at launch powers form 2dBm to 9dBm by decreasing the transmission length i.e. = 
LSSMF-spansSSMF by removing spans from the transmission link. After processing the received signal with DBP 
algorithm we haven’t noticed any significant deviation of the signal quality as compared to the signal quality at 
transmission length ‘LSSMF’ as shown in figure 4(a). This implies that the accumulation of non-linearities and 
dispersion is less and is mitigated by DBP algorithm, which we term as over digital backward propagation (O-DBP). 
By virtue of O-DBP the received signal remains in the region of optimum level. 
LΔ
LΔFig. 4. Optical signal quality in 40Gbit/s RZ-DQPSK transmission: (a) after DBP with alteration in the transmission length ; 
(b) after DBP with fiber spans of equal and unequal length, for transmission of 2400km
 
To investigate the behaviour of DBP algorithm with fiber spans of unequal length in the transmission link, we use 
the transmission links as depicted in figure 3(b) and 3(c). The transmission link comprised of fiber spans of unequal 
length with post-compensation dispersion mapping over 2400km length. For a comparative comparison of the 
behaviour of the DBP algorithm we keep the total number of spans equal in transmission link. After processing the 
received data we notice a significant decrease in the transmission impairments mitigation as compared to the 
optimum results. Due to the fact that fiber spans of unequal length can cause different amount of accumulated non-
linearities per span of transmission and they are not exactly compensated by constant DBP algorithm at the receiver. 
As the equalness between the fiber spans decreases, the functional boundaries of the DBP algorithm also decrease. 
The summarized results for functional boundaries of DBP with change in physical transmission length are depicted 
in figure 5. 
 
Fig. 5. Functional limits map of the DBP algorithm with change in transmission length ‘ LΔ ’
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4.  Conclusion  
We have evaluated the functional boundaries of the DBP algorithm in phase encoded communication systems. 
This numerical evaluation is done for different bit rates, modulation formats, different transmission lengths and fiber 
span length. Through the imperative evaluation of the effective transmission impairments mitigation at different 
instants, we quantify the functional limits of DBP. We identify that DBP algorithm has good robustness towards 
different modulation formats and bit rates. Furthermore we enumerate that the change in transmission length and 
symmetry of the spans has epic impact on DBP algorithm and degrades the system efficiency, for this reason the 
algorithm should be flexible and optimized to have the optimum performance in abovementioned cases.    
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